This article describes a professional development model and a set of tools intended to increase teachers' capacity for the design of instructional activities using learning objects. It then reports preliminary findings from studies involving teachers (n=41) who participated in the professional development workshops based on the model. Findings suggest that participants saw many potential benefits of using online resources in support of teaching, including their convenience and currency. In terms of creating learning activities for their students, the most common use mentioned was for enrichment purposes. Analyses also showed that participants seemed to prefer to use small granularity resources. However, despite this enthusiasm, post-workshop usage was generally low. Participants also identified barriers in using online resources. These included lack of technology access and literacy, and difficulties in managing the overabundance of resources and their varying quality. Participants also mentioned the importance of accessing online resources for research purposes.
Introduction
Recent widespread availability of educational resources on the World-Wide Web holds great potential for transforming education. In science education, for example, students can now access real-time images from space exploration. They can also download data and partner with other students and scientists to analyze simulations of complex weather events (Marlino, Sumner, Fulker, Manduca, & Mogk, 2001 ). In mathematics, students can interact with virtual tools and manipulatives that help make abstract concepts more concrete (Dorward & Heal, 1999) . Teachers can effectively and efficiently tailor instructional activities to meet curriculum standards and the unique interests and educational needs of their students. In short, through interacting with Web content, students can now engage in highly personalized learning experiences, instead of relying on the one-size-fits-all textbook.
In recognition of this potential, several large-scale initiatives are developing
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repositories (or, digital libraries) containing catalogued learning objects (or, online learning resources) . Key objectives are to provide teacher and learner access to high-quality learning objects in order to help improve the effectiveness and efficiency education (Wattenberg, 1998; Zia, 2001) .
Leaders in these initiatives include:
• the National Science Digital Library (htttp://www.nsdl.org), funded by the United
States National Science Foundation. In early 2005, the NSDL contained over 800,000 learning resources, collected from approximately 500 partner libraries; • the Australian Le@rning Federation (http://www.thelearningfederation.edu.au);
• the European Union's Ariadne Foundation (http://www.ariadne-eu.org/);
• EduSource Canada (http://www.edusource.ca).
Despite the existing capabilities and implications for teaching and learning, little is known about how teachers view their roles in terms of adapting, designing, and reusing learning objects in diverse classroom situations, or how teachers' knowledge and skills are changed as a result of their interactions with these technologies and resources. Even less is known about impact on students. Indeed, an implicit assumption of these initiatives is that teachers and learners will access and use these technologies in unproblematic and seamless ways. Unfortunately, the history of educational technology suggests that this is seldom the case (Cuban, 2001) . Instead, systems that must cross many institutional boundaries (such as school settings) rarely do so in transparent ways (Agre, 2003) .
In this paper, we take the view that teaching and learning can be a creative, constructive process in which learning objects, such as those found in the NSDL, can play an important role. Teachers with ready access to unlimited high-quality learning objects become designers who adapt and customize learning objects to fit their local needs and context (Brown & Edelson, 2003; Dede, 2003) . In this context, learning objects become catalysts for creating locally relevant instructional solutions to support learning.
Toward this end, we describe a professional development model and a tool intended to increase teachers' capacity for the design of learning activities. As part of their design activities, teachers learn to use a simple end-user authoring service, called the Instructional Architect (IA). The IA helps users, particularly teachers, find, select, sequence, and annotate learning objects. With the IA, users can create personal collections of instructional activities, lectures, lesson plans, study aids, or any kind of instruction around learning objects (Recker, Dorward, & Reinke, 2003) .
As we will describe, use of the Instructional Architect in teacher development programs makes it easy to engage teachers in design activities using learning objects. In addition, analyses of resulting instructional projects provide a level of detail about teacher usage typically not available from standard instruments such as surveys and web server logs.
We then report preliminary findings from studies involving two groups (n= 41) of mathematics and science teachers who participated in the professional development workshops that focused on designing instruction using learning objects and the IA. Findings emerge from two sources of data: qualitative analyses of participants' pre and post workshop comments about uses of learning objects; and quantitative analyses of usage of learning objects in projects designed by teachers during and after the workshops. The focus of the analyses was on two related questions: 1) what are the attitudes of participants regarding the use of learning objects in support of teaching and design; and 2) how did they design instructional projects using learning objects? This paper is organized as follows. We first discuss the theoretical framework underlying our work and then describe our approach to supporting teachers as designers of instructional activities. We describe the methodology used in the studies and present preliminary findings. We conclude with a discussion of the studies' limitations and suggestions for future research.
A Note about Language
In the remainder of this paper, we avoid using the term 'learning object'. We do this for several reasons. First, the term has no single, clear, and unambiguous definition (Friesen, 2003) . Second, the term implies that the learning is solely a property of the object. Finally, the term is unfamiliar to most practitioners. Instead, we prefer the term 'learning resource,' as its meaning seems better understood by teachers Recker, Dorward, & Nelson, 2004) . More importantly, it implies that learning is jointly constituted in terms of the resources, people, practices, and values of the embedding context. Similarly, we prefer using the term 'digital library' in lieu of 'repository'. This term better highlights the institutional nature of the enterprise, comprised of both managed, cataloged, and curated content, as well as the different social roles of the people involved (Agre, 2003) . For example, digital libraries often provide access to online reference librarians, as well as discussions spaces.
Theoretical Framework
The image of teaching proposed in this paper is one in which teachers take advantage of the vast wealth of online resources to design and enact learning activities. Resources become the building blocks of learning activities, as teachers adapt and implement them in ways suitable to their local context. This view is not necessarily novel and is aligned with a constructivist philosophy. It is also similar to ideas proposed of the teacher as bricoleur. However, what is novel is the recent abundant availability of high-quality, online resources for learning, such as provided by the NSDL. As such, it has become much more feasible for teachers to access and use these resources in their classrooms.
However, not all teachers naturally view their practice as design. For example, teachers' beliefs and their pedagogical philosophies will impact their use of such resources (Becker, 2000) . Teachers with little teaching experience or a low comfort with subject matter will perhaps be less likely to adapt resources, and more likely to use them unchanged.
In addition, the nature of the resource provides affordances and constraints on its adaptation and use. For example, the granularity (or size) of a resource impacts adaptation (Wiley, Recker, & Gibbons, 2000) . Because of many internal dependencies, large resources are intended to be used with little modifications or additional effort, and the number of contexts in which they can be applied is small. For example, a semester-long course in geology is probably best used unchanged because of the many interdependencies between course components. Conversely, small, selfcontained resources afford greater teacher improvisation and adaptation in a wider range of situations. For example, a simple graphing calculator applet can be used in a wide range of mathematical contexts.
In sum, complex relationships exist between users, their social practices, attitudes, and values, and learning resources. Too often, a narrow focus on tool development tends to obscure these interconnections and, as a result, oversimplifies the design problems (O'Day & Nardi, 2003) .
Our Approach
In the research described in this paper, we have taken a two-pronged approach for addressing teacher design with learning resources. First, employing human-centered, iterative design techniques (Nielsen, 1993) , we have designed an end-user authoring tool, called the Instructional Architect (IA), that supports teachers in discovering and selecting learning resources in order to design instructional activities.
Second, we developed a teacher professional development model to help them learn to design with learning resources. The model includes a hands-on, collaborative, and design-based workshop component. These are described in the next section.
The Instructional Architect: A Digital Library Service
The Instructional Architect (IA.usu.edu) is an end-user authoring service intended to support the design of instructional activities using resources in the National Science Digital Library (www.nsdl.org) and elsewhere on the WWW. The IA enables users (primarily teachers) to discover, select, and design instruction (e.g., lesson plans, study aids, homework) using online learning resources. In this way, the IA is intended to increase the utility of online learning resources for the classroom educators .
The IA offers several major usage modes. First, in the 'my resources' area of the IA, users can search for resources in the NSDL. Queries are sent to the NSDL search interface, which searches the union metadata repository. This metadata repository is comprised of metadata records harvested via OAI-PMH from participating NSDL digital libraries (Lagoze, 2002) . The standard metadata set used by the NSDL repository is an extension of the Dublin Core set of 15 basic elements (Dublin Core Metadata Initiative, 2002) . Item-level and collection level metadata records from participating libraries are normalized or cross-walked to the NSDL standard set. Users can also perform an advanced search in the IA, where they can narrow their search by restricting the Dublin Core FORMAT metadata field.
Metadata records for matching resources are displayed to users in an abbreviated form (title, creator, brand, and description). After browsing these results and viewing resources, users can select and save pointers to desired resources for further use. Users can also select any Web resource by entering its URL in the IA, and adding it to their list of saved resources. Of course, these Web resources do not have associated metadata records. Users can also organize their selected records in folders. Finally, users can add comments about any saved resource. Comments about a resource then become publicly viewable to anyone who chooses to view the metadata for that resource. Figure 1 shows an example screen shot of the saved resources for a user. These have been organized into several folders, called 'Tangrams' and 'Weather'. Second, in the 'my projects' area, users can create web pages in which they select a look and feel for their project, and input selected resources and accompanying text. Figure 2 shows a screen shot of a project undergoing development. Finally, users can 'publish' their projects and set permissions on who can view them. The viewing options include user-only, their students, or anyone browsing the IA site. There is also an option to download a SCORM-compliant zip archive of their project for use outside the IA.
An example of a user project can be seen in Figure 3 . This user, a middle-school science teacher, was interested in developing a unit on the topic of weather. She located an interactive weather simulator in the Digital Library for Earth System Education (DLESE) (Marlino et al., 2001) , an NSDL partner library. Using the IA, she added annotations and directions for her students as part of a homework activity.
The IA can be used as a portal site in the NSDL, where users can create accounts to store their personal list of resources and projects. IA functionality can also be implemented as a web service using SOAP (Simple Object Access Protocol). The interested digital library simply calls a remote method to pass the metadata of selected learning resources to the IA.
The IA is implemented on a Linux server running the Apache 2.x Web server, using a PostgreSQL 7.x database. PHP (version 5.0) is used for dynamic content generation and communication between the Web server and database. The system has been developed following the open source software model, and the code base is freely available for download (see IA.usu.edu).
DLConnect: A Teacher Professional Development Model
In recent years, a large body of research and literature documenting what constitutes effective technology-focused teacher professional development has been accruing (Putnam & Borko, 2000) . Findings suggest that effective programs are:
1. Sustained, rather than short in duration (Borko, 2004 3. Complemented with teacher release time to allow for experimentation, implementation, and reflection (Pianfetti, 2001 );
4. Tied to incentives to participate;
5. Relevant and/or adaptable to teacher needs, and can be implemented in the teachers' context (Borko, 2004; Pianfetti, 2001 );
6. Hands-on with active participation;
7. Collaborative (Borko, 2004; Hoffman & Thompson, 2000) ; 8. Design-based (Marx, Blumenfeld, Krajcik, & Soloway, 1997; Putnam & Borko, 2000) ; and 9. Linked to relevant educational standards
The goals of our professional development program are to help teachers learn about the concepts of educational digital libraries, how to search for resources, how to design instructional activities using the Instructional Architect, and how to integrate these capabilities into their teaching practice.
Toward this end, we have been iteratively designing and refining a workshop curriculum for teachers. We also intend to develop follow-up support programs, though these are still in the pilot phases. As such, our current approach addresses all but the first four guidelines. In future work, we plan to extend our approach using both face-to-face and online methods to better provide follow-on support.
Specifically, the workshop curriculum consists of the following components:
1. A motivating example. An interesting learning resource from the NSDL (e.g., an interactive simulation of a frog dissection) is demonstrated to the participants. The example also shows the use of a learning resource in an instructional setting. The specific example is modified to fit the target audience.
2. A description of the NSDL and its mission.
3. Instruction on how to find learning resources in the NSDL, including keyword and Boolean searching, advanced searching, and browsing by collections. Depending on the technical expertise of audience, the amount of modeling is increased or reduced.
4. Participant identify relevant instructional objectives that align to specific core state and national standards for a given subject area. They then practice search techniques to locate resources related to their selected objectives.
5. A discussion on designing activities using learning resources. Participants discuss various methods and topics that could be used to present digital resources to their classrooms. Examples include labs, assignments, interactive group work, research, resource lists, and homework.
6. Instruction on and modeling use of the Instructional Architect, including finding learning resources, browsing projects created in IA by other teachers, creating instructional projects, and publishing projects on the Web. Again, the amount of modeling depends on audience characteristics.
7. Individual participants are provided opportunities for guided practice on creating projects with NSDL learning resources.
8. Lastly, participants share their created projects.
Thus, by using the IA, and its simple authoring and sharing capabilities, the workshop is designoriented, hands-on, and collaborative. In addition, several aspects of the curriculum (e.g., the examples, the link to educational standards) can be tailored to fit audience and institutional contexts. Finally, the amount of modeling is increased or decreased depending on the technical skill level of the audience.
A complete description of the curriculum is available at http://dlconnect.usu.edu/htm/download.htm.
Implementation Studies
The design, development, and refinement of the Instructional Architect and the teacher development model have followed a human-centered, iterative design process (Nielsen, 1993) . Design, development and evaluation of the Instructional Architect has been ongoing since 2001. Early phases ranged from rapid-prototyping using simple, paper mock-ups to interviews, case studies, observations, and beta tests with participants representative of the target audience.
The workshop model has been undergoing development and testing since Fall 2003. Each workshop implementation was accompanied by an evaluation, so that data collection could inform the next development cycle for the IA, the curriculum, and the evaluation instruments.
Consistent with a human-centered design methodology, the project team has focused on cognitive impacts of the tool and the professional development program, specifically evaluating usability and immediate utility. We devised a framework to guide these evaluation efforts, linking inputs and process variables affecting desired outcomes. In the evaluation literature, this is referred to as a 'program theory' (Patton, 1994; Weiss, 1995) . Inputs include factors such as audience characteristics. Outcomes include increased teacher and student use of learning resources from digital libraries. The two key process variables are the IA and the teacher development program.
Results from the evaluation efforts involving over 100 educators indicated that participants were very positive about the value of the NSDL, the quality of the discovered learning resources, the value of the IA, and the value of the workshop. Participants also generally reported that they would recommend the IA to other teachers. Complete findings are described elsewhere (Dorward, Reinke, & Recker, 2002; Recker et al., 2005) .
In this paper, we focus on findings from two workshops, involving 41 mathematics and science teachers. These participants were selected as they were practicing teachers, rather than pre-service teachers or school librarians who comprised the other groups.
In particular, the following research questions are addressed:
• What are the attitudes of teachers regarding the use of learning resources in support of teaching and design? • How are teachers using learning resources
• How did they design instructional projects using learning resources?
Methods

Procedure
Each workshop was conducted in a computer lab where participants sat at an Internet-connected computer. The instructor had a projector to demonstrate the software and design activities to participants. Each workshop also had several staff members, who assisted with questions, noted barriers to effective use of learning resources, and recorded their observations. Workshop duration was approximately 6 hours (see Table 1 ). Participants completed a pre-survey at the beginning of the workshop, and a post-survey at its conclusion.
The survey items included a number of Likert-scaled and open-ended items, that had anchors from 0=very low to 4=very high (mean=2) and could not be left blank. The survey was divided into four parts:
• Demographics (5 questions)
• Attitudes towards computers in education (10 questions). For comparison purposes, these were drawn from a national survey (Becker, 2000) .
• Pre-survey to measure teachers' prior knowledge and experience regarding digital libraries and learning resources, their attitudes towards utility of learning resources, and the technology infrastructure in their schools (8 questions).
• Post-survey about participants opinions on the usefulness of the tools, resources, and workshop (20 questions).
The complete list of survey items is available at http://dlconnect.usu.edu/htm/download.htm. Table 1 shows participant demographics for the workshop implementations. Table 2 reports the mean for each group's self-reported level of technology use in the classroom on a scale of 0 to 4 (0=very low; 4=very high). Results show that the Workshop A participants reported lower levels of technology use in their schools than Workshop B participants. Similarly, all participants reported having a moderate amount of experience teaching with learning resources, with Workshop A participants reporting less experience than the other group. 
Participants
Findings
The primary data involved a) qualitative analyses of participants' pre and post workshop comments on electronic surveys, and b) quantitative analyses of projects designed by teachers using online resources and the Instructional Architect.
Designing using Learning Resources: Participant Views and Attitudes
Participants' comments on the pre and post-surveys were analyzed by first identifying recurring topics regarding the design of learning activities using learning resources. These topics were then categorized into major themes. Participants' comments were then coded following those themes, as described below. The letters 'A' or 'B' are used to indicate participants' groups, respectively.
We begin by analyzing teachers' comments on the pre-survey.
Convenience or currency of online resources
Participants offered many comments about the benefits resulting from the ease with which online resources can be accessed. Thus, the possibility of saving time (and money) acted as a motivator. The literature has documented that teachers' are frequently pressed for time (Swain & Swain, 1999) , and it is noteworthy that participants seem to appreciate the way online resources might save them time. Participants also appeared to value the currency of resources, particularly in comparison to textbooks. The value that teachers place on accuracy and currency of online resources has been identified in other research (Sumner, Khoo, Recker, & Marlino, 2003) .
Representative quotes are as follows:
"Gives you quick access to useful tools." (A) "… helpful to be able to access huge amounts of information compiled for learning." 
Online resources as reference material
Participants commented on the value of online resources for supporting research. They mentioned that online resources could help increase their own content and teaching knowledge. Participants also seemed aware that many lessons plans were available on the Web for their use.
Representative quotes include:
"… the choices of extensions that are available on the web. They provide lessons that have been tried and tested." (A)
"…stay current in my subject area. Also, sometimes, the explanation in the book is not sufficient so I research better ways to teach the topic." (A)
"They offer new ideas, and more resources than available locally." (A)
"It keeps us current in the changing scientific world." (A)
"It provides you a quick and easy way to find out information." (A)
"Labs and activities are already worked out. Material can be researched right in the classroom." (A)
"The online resources that I use are mostly to facilitate research." (B)
"… sites to help with lessons, lesson planning, research, encyclopedias, locate pertinent information for particular lessons." (B)
"Online resources might include websites that have information for teacher's knowledge or lesson ideas and plans--information that a student might not use but would be useful to a teacher." (B)
"I know there are thousands of online resource websites that provide lesson plans for teachers." (B)
Online resources as enrichment
Participants commented on the value of online resources for enriching classroom activities. In this view, online resources were mostly used to enhance an existing activity, or to provide supplemental information for students.
Representative quotes include:
"They offer a far greater selection than available in any junior high library, and kids enjoy learning more when it is connected to a computer." (A)
"Quick, easy reference. Good places to send students for remedial or additional information geared towards their interests."(A)
"Resources that can be used for enhancing education for students." (A)
"Available sites that are readily accessible for teachers to use to enhance classroom instruction." (B)
"These are resources that allow a teacher to find useful information for use in the classroom or to enhance a classroom project." (B)
"Some of the resources are used to provide enrichment to the established curriculum."
"… sites for students to access to receive up-to-date, accurate information to assist in effective learning" (B)
"… sites I can go to access information or programs for my students. They are also sites with lesson plans I can use or adapt to my needs." (B)
Teacher networking
A few teachers mentioned the importance of finding out what other teachers are doing. In this way, they supported the idea of using the network to form teacher contacts.
Representative quotes include:
"It is better to be able to go beyond what is local and see how other teachers in other geographical areas are teaching in the same subject areas." (A)
"They can show examples of what other teachers are doing to teach key concepts." (A)
Difficulties in using online resources
Many teachers commented on difficulties associated with using online resources. Many of these barriers were associated with technical problems. Others also focused on managing and sifting the large amount of content available on the Internet. Interestingly, all the quotes in this category came from teachers in Group A, the group with less access to technology in their schools.
Representative quotes include:
"If technologically inept this may create a problem." (A)
"…computers not always available, district servers sometimes block needed sites." (A)
" … difficulties with servers, and a limited number of computers available in schools" (A)
"… sifting through the false and/or opinionated sites. Also, most science sites are designed for high school level or above." (A)
"..too much fluffy stuff." (A)
"There can be a lot of garbage out there." (A)
"Often it takes too long to find things that will work for my classroom. There is so much stuff, it is difficult to find just what I am looking for. Taking the class to the writing lab or media center is a hassle." (A)
"It is at times hard to sift through all the information to find good reliable stuff." (A)
Designing learning activities: Post workshop comments
After the workshop, we were interested in identifying comments offered by teachers that related to the way online resources could be used to help design learning activities. When asked how they might use the Instructional Architect and the NSDL, teachers noted how these resources could be used to create new and unique opportunities for students.
Representative quotes include:
"Many things can be brought into the classroom that would otherwise be unavailable."
"… Articles, labs, assignments, activities for teachers and students, (for example, the Virtual Frog dissection)" (A)
"It is essential to stay current and to provide a variety of opportunities for students to learn and review." (A) "… teachers [can] choose reputable links and combine them with simple instructions to create a student learning experience on the web." (B)
" …you can organize these online resources and include information and instructions about how to use each of the resources in a meaningful way." (B)
"… we can create projects for students using online resources." (B)
"I used the idea that it would be beneficial and a learning experience for my students in regards to magnets and electricity. Did it encourage learning and exploration?" (B)
Many teachers, however, only foresaw simple uses of the tools and resources. Thus, after the workshop, teachers appeared to note few ways the tools and resources could significantly influence their teaching practice.
"[The IA is] an online lesson planner or student guide of appropriate sites to visit for a specific subject." (A)
"A way to make web pages of links" (A)
"A way for the teacher to post information and links to resources for students to use." (B)
"A teacher can make a collection of online resources that students can access to use for practice or research." (B)
"Online resources I would use with Instructional Architect are mainly websites with information or activities that students could use to learn information or practice skills." (B)
Finally, one teacher acknowledged the limitations of the workshop format, with this quote: "I don't think the quality of the project I created was exceptional. I need more time to create the purpose and objective of the activity." (B)
Designing using Learning Resources: Project Analysis
The instructional projects created by IA users offer a unique and convenient window into understanding how teachers used digital library learning resources. While analyses of server and query logs can reveal user search terms and resource downloads, IA projects show how users organize and design with learning resources. Table 3 shows the number of accounts and projects created by participants in the two groups. Teachers in the first group created a mean of 1.1 projects, while teachers in the other group created 1.8. This suggests greater use by the teachers with better technology infrastructure in their schools. 
Discovery strategies
An analysis of terms used to search the NSDL showed that the vast majority (approximately 85% for both groups) of queries was comprised of just one keyword. This finding has been documented in the literature (Soloway & Wallace, 1997; Wallace, Kupperman, Krajcik, & Soloway, 2000) . In addition, the advanced search feature was almost never used. This suggests that teachers are using simple strategies to fuel the design of their projects.
Origin of resources
In response to user requests, we added a feature to the IA whereby non-digital library resources (i.e., Web URLs) can be inserted in IA projects. Table 4 shows the origin of resources used by participants in their projects. Overall, participants in Group A used a higher percent of resources from the NSDL, whereas Group B participants seemed to prefer to use Web resources. Although Table 4 shows that Web resources comprised a large proportion of resources used, it is an overestimate. In our observations, we noted that often participants located a resource within a digital library (at a lower level of granularity than cataloged), and then copied and pasted that URL into their project. From a database point of view, although this resource was discovered within an NSDL digital library, it simply appears as a Web resource (without accompanying metadata).
We conducted a simple experiment to estimate this error. Ten percent of the Web resources were randomly selected and then manually checked to see if they originated from an NSDL partner digital library. Results suggest that just over 70% of these Web resources were 'most likely' from an NSDL partner library. As such, NSDL resources appear to be of high value to participants. Yet, participants (especially in Group B) often preferred to use these at a lower level of granularity than cataloged by the library.
Granularity of resources
To estimate the granularity (or size) of learning resources used in participants' projects, ten percent of the NSDL resources were randomly selected and then manually coded into one of three categories: small, medium, or large granularity. Small granularity was defined as a simple animation or lesson plan. Medium granularity was defined as consisting of a set of web pages with more specific topics, consisting of multiple format types (e.g., text, images, etc). Finally, large granularity was defined as an entire website, typically consisting of several topics.
Results show that 38% of these NSDL resources had small granularity, whereas 21% were medium and 24% were large (see Table 5 ). Unfortunately, at the time of the analysis, 17% of the resources were not available due to either a network time-out or a broken link. As also suggested by the previous analysis, participants preferred NSDL resources at a lower level of granularity. 
Discussion
Overall, participants mentioned many potential benefits of using online resources in support of their teaching. They mentioned the convenience, currency, and networking potentials of online resources. In terms of creating learning activities for their students, the most common use mentioned was for enrichment purposes. Many participants saw an important role for online resources for enhancing planned activities. However, despite this enthusiasm, analyses of IA usage showed generally low post-workshop use of the system. This was especially true for participants in Group A, who reported lower access to technology in their schools.
Participants also identified barriers in using online resources. These included lack of technology access and literacy. Participants also mentioned difficulties in managing the overabundance of resources and their varying quality. Participants in Group A, the low-technology access group, more frequently noted these barriers.
The frequency with which participants mentioned accessing online resources for research purposes was an unanticipated finding. Participants described the important role of online resources in furthering their scientific knowledge as well as their teaching knowledge. This potential has been advocated by other researchers (Davis & Krajcik, 2005) .
In the post-workshop survey, some participants noted how online resources could be used to create opportunities for students that were never before possible. They mentioned many kinds of instructional situations that could use such resources. Coupled with these comments, analyses of IA projects showed that participants seemed to prefer to use small granularity resources. Thus, participants seemed to be creating simple projects with somewhat directed activities. This, of course, may be a result of the fact that the participants were novice users.
Other teachers, however, seem to view the tools and resources as simply another technological tool to potentially add to their repertoire. They did not appear to view these as opportunities for the design of learning activities.
Limitations and Future Work
This research has several limitations, including a) participant self-selection, b) the use of selfreport survey data, and c) the lack of follow-up. In this section, we briefly address these problems.
First, participants in the workshop chose to engage in professional development opportunities. As such, it is not possible to generalize findings to all teachers. A more rigorous study would involve a randomly selected sample of teachers who varied in terms of comfort with information technology, the Internet, and the design of activities using learning resources.
Second, some conclusions were based on self-report survey data, which may be subject to recall bias and hence under-reported or over-reported. In particular, due to the halo effect, participants possibly overstated the value and potential of learning resources and tools.
Third, little contact occurred with participants after the workshop. While our web server log files reported subsequent use of the IA, we don't know much about how teachers subsequently designed projects and how they were used (if at all) in classrooms. And, of course, we were unable to track other use of Web resources and the NSDL.
In ongoing work, we are conducting follow up interviews and classroom observations with workshop participants to better understand teacher design. We are also conducting classroom observations to document how teachers design and use of learning resources in learning activities. These studies will inform research designs for future studies investigating impact on students.
Conclusion
In this paper, we described characteristics of the Instructional Architect and a professional development program designed to introduce teachers to online learning resources and tools. In particular, we identified characteristics of workshop design that are consistent with best practices in professional development. In addition, we noted out how on-going evaluation continues to inform refinement of tools, and workshop content and process.
We also reported on analyses of both quantitative and qualitative data collected as two groups of teachers participated in professional development workshops. In the workshops, participants learned to use an educational digital library (the NSDL), and an end-user authoring tool (the Instructional Architect) that supports the creation of instructional projects using online resources.
Triangulating different data sources provided clear advantages. While analyses of participant comments noted the many potential advantages of online resources, projects analyses revealed that participants designed a small number of fairly simple projects using resources with small granularity. However, we know little about how IA projects and learning resources were subsequently used (if at all) in classroom contexts.
This paper also presented an image of teaching as design. In particular, we sought to understand the extent to which participants view their practice and their use of online resources as an opportunity to design learning activities for their students. Limitations in the design of the empirical studies mean that findings cannot be generalized to the larger teacher population. However, they do provide preliminary insights on the role of teacher design.
In the future, we plan to continue development of teacher tools and workshops to help teachers learn to use NSDL resources in ways that enable them to create meaningful student activities, while also increasing their skills as instructional activity designers. Additionally, by accessing, assessing, and using learning resources in sustained ways, teachers may increase their own content and teaching knowledge. His focus is on instrument development with applications in the educational use of online resources as well as human attitudes about advanced robotic and computer-based inference-making devices. As a member of the Instructional Architect (IA) team, Sam is primarily responsible for collection and analysis of data to assess the effectiveness of IA, NSDL, and IA workshops; as well as the development of a theoretical framework and measurement instrument to help educators understand the quality of online resources for education. Before moving to Logan, Utah, in 2001 to pursue his Ph.D. Sam earned an undergraduate degree in Electrical Engineering from the University of Arkansas (1993) . Beginning in 1994 he worked for Dow Jones & Company for three years building online information systems for stock market investors. In late 1997, Sam moved to Hong Kong, China to start an online information company for Asian stock market investors.
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